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Abstract: This study was conducted to investigate changes in avifauna communities of the Civilian Control Zone
(CCZ: N38o 10'~19', E127o 04'~26'), which is the near Demilitarized Zone (DMZ) in Cheorwon, Korea. An analysis
was conducted on data that were collected 4 times a year between December and February from December 2001
to February 2011. This study documented changes in bird population affected by artificial feeding and agricultural
activity. In this study, a total of 59,393 individuals (maximum number of individuals) of 101 species were observed. In
descending order of dominance, dominant species were the White-fronted Goose (Anser albifrons), White-naped
Crane (Grus vipio), Mallard (Anas platyrhynchos), Red-crowned Crane (Grus japonensis), Rustic Bunting (Emberiza
rustica), and Cinereous Vulture (Aegypus monachus). Over the course of the study, avifauna communities did not
show significant increasing or decreasing changes in community indices. However, with the exception of the White-
fronted Geese, evenness decreased. Red-crowned Crane and Cinereous Vulture populations experienced
significant fluctuations, which were strongly related to changes in the intensity of artificial feeding. In particular, the
abundance of Cinereous Vultures tended to decrease as artificial feeding decreased; decreases in artificial feeding
were a preventive measure to address concerns regarding the occurrence of infectious diseases, such as avian
influenza and foot and mouth disease. Except for Cinereous Vultures, raptors have decreased for the past ten years
in all community indices, such as the number of species (r= −0.74, p<0.05), species diversity (r= −0.76, p<0.05),
species richness (r= −0.62, p=0.056), and species evenness (r= −0.67, p<0.05). Such a drop in the raptor indices is
possibly due to a decrease in area in the CCZ, increasing residential area, agricultural intensification, and decreasing
natural areas.
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Introduction
Agricultural intensification has been linked to decreases in
biodiversity and in populations of several avian species in
farmlands (Tucker and Heath, 1995; Chamberlain et al.,
2000; Donald et al., 2001). Moreover, agricultural intensifi-
cation has had deleterious effects on farmland bird
populations at a scale that is comparable to deforestation
and global climate change, thus being a major anthropogenic
threat to biodiversity (Donald et al., 2001). Contributing
factors to the overall impact of intensification include
pesticide use, removal of hedges and other uncultivated
areas to produce larger fields, earlier harvesting dates, and
an increase in monocultures (Newton, 2004). Such agricultural
practices have resulted in losses of habitat quality and
heterogeneity, which has negatively affected avian species
directly through increases in mortality or reproductive
failures, and indirectly by reducing or degrading their
hunting and nesting habitats (Benton et al., 2003; Newton,
2004).
Agricultural landscapes are experiencing pressures from
development and intensification. Biodiversity in many
agricultural landscapes is decreasing under increasing
pressure from agricultural intensification and urbanization
(Krebs et al., 1999) that cause loss and fragmentation of
habitats. Moreover, habitat heterogeneity and connectivity
are declining. Heterogeneity and connectivity are believed
to be critical features of agricultural landscapes for
biodiversity (Benton et al., 2003).
In the Republic of Korea, the agricultural landscape and
agricultural intensification have greatly changed since
2000. Forests in lowlands are diminishing, natural green
lands near streams are under cultivation, and the paddy
fields are cultivated and then converted into a large-scale




288 Seung Hwa Yoo, Ki Sup Lee, Jin Han Kim and Chong Hwa Park
mechanized farm lands.
As shown in the other area, the Cheorwon area is also
an area where the degree of agricultural activity has
consistently increased since 2000. This trend has resulted in
the reduction of natural grassland, such as scrubland;
clearing of these habitats has been continuously conducted
by the Korea Agricultural and Rural Infrastructure Corporation.
In addition, areas such as hills between farmlands have
been used for cultivation purpose and as a source of soil for
rice seedbed. This reduction of slopes in farmlands resulted
in the decrease of area where herbs and scrub could exist.
Furthermore, there is an increasing tendency of agricultural
activities that inhibit wild birds from using sloped areas,
such as increases in urban green zones, areas where liquid
fertilizer is applied, and ginseng farming.
Especially in raptor species, their population will be
more fluctuating than other bird species, because they need
more resources such as large territory, diverse and large
amount of food items (Newton 2004). The position of avian
raptors at the top of food chains makes them good
indicators of ecosystem functioning (Newton, 1979) and
the decrease of raptor diversity and abundance in areas
devoted to intensified agriculture has already been pointed
out (Leptich, 1994). Raptors forage mainly in habitats
attractive to mammals and passerines in winter season
(Thirgood et al., 2003). They have often substantial
ecological requirements in terms of foraging habitats, nest
sites, and abundance, or diversity of food resources.
Therefore, they may be suitable indicators of the quality of
ecosystems for example large scale degradation, changes in
land use (Thiollay, 2001).
The purpose of the study was to examine the avian
community in the Civilian Control Zone (CCZ), which is
close to the Demilitarized Zone (DMZ), Korea. In addition,
we examined the community changes in waterfowl, cranes,
and raptors from 2001 to 2011. Based off these data, we
have described the relationship between avian community
change and agricultural intensification in Cheorwon,
Korea.
Methods and Analysis
Period and range of survey
The Cheorwon area is located within the CCZ, where
cropland is cultivated. This area has been an important
habitat for multiple species of migratory birds; Red-
crowned Cranes, White-naped Cranes, and several species
of raptors are very abundant in Cheorwon during the winter
season (Pae, 1994). The survey area was 60 km2, located in
the zone of N38o 10'~19', E127o 04'~26' (Fig. 1). Land
cover types within the survey area included residential,
cropland, natural grassland, scrubland, forests, and lakes,
all of which serve as habitat for waterbirds, raptors, and
cranes (Yoo et al., 2007).
Study methods and analysis
Study methods: Field surveys of species abundance and
diversity were conducted with binoculars (8×32BN, Leica)
and field scopes (Swarovski×20~60). Surveys were conducted
from vehicles, with two surveyors in each vehicles, specific
route that covered the entire study area was used for each
survey. Survey by vehicle was the preferred survey method
because birds forming flocks, as well as large birds are less
sensitive to passing vehicles than they are to surveyors on
foot (Yoo et al., 2007). Observations were made by the
two-membered survey teams. One member counted and
determined species using a fieldscope, while the other
member recorded and used binoculars to analyze bird
Fig. 1. Map of the survey area and distribution of the environmental factors.
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movements in order to prevent repetition. Bird counts were
recorded with counters.
Analysis: Each year, data were collected 4 times from
December until February. Data for this study were collected
from 2001 to 2011. For any year that had data from more
than four surveys, all data that had low-outlying indices
were treated as excess and were excluded from analysis. If
our surveys were insufficient in a given winter season,
concurrent wintering season census data, collected by the
Ministry of Environment, were used as a supplement
(Ministry of Environment, 2007). We used the Pearson’s
correlation for community changes according to year by
using SPSS12k.
In the comparison by taxa, analysis was attempted after
the exclusion of the species that increased in abundance as
a result of artificial feeding. The White-fronted goose was
the most dominant species in this area, and this species’
abundance was closely related with the regional environment.
White-fronted Goose abundance fluctuated drastically over
the study period, and in order to examine more subtle
changes in the avifauna community, White-fronted Goose
data were excluded. The number of Red-crowned Cranes,
White-naped Cranes, and Cinereous Vultures varied greatly
in relation to the intensity of artificial feeding. Because
these species were so heavily influenced by artificial
feeding, they were excluded from the final analysis for the
purpose of identifying the relationship between land cover
type and avian community indices.
Results
Wintering avifauna
One hundred one species and 59,393 individuals were
observed during wintering seasons from 2001-02 to 2010-
11 (Appendix). The most dominant species was the White-
fronted Goose (Anser albifrons) at 13,482.4±4603.3 (mean
±standard error) individuals (relative dominance: 68.3%).
Other dominant species included in decreasing order, White-
naped Cranes (Grus vipio) at 1,142.7±125.0 individuals
Fig. 2. Number of species and individuals in wintering season by the
maximum counts in Cheorwon, Korea.
Fig. 3. Changes of the community indices during ten wintering seasons (A: number of individuals, B: species diversity, C: species richness, D:
species evenness). Without WFG represents that index value without the data of White-fronted Geese.
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(5.8%), Mallards (Anas platyrhynchos) at 973.9±109.5
individuals (4.9%), Red-crowned Cranes (Grus japonensis)
at 692.2±36.6 individuals (3.5%), Rustic Buntings (Emberiza
rustica) at 602.2±177.3 individuals (3.1%), Cinerious
Vultures (Aegypus monachus) at 436.2±79.6 individuals
(2.2%, Appendix).
Though there were significant changes in the number of
species and individuals during the study period, no
consistent trends were identified (Fig. 2). There were no
significant changes in species diversity, richness, or
evenness (Fig. 3-Total). In analysis that excluded data for
White-fronted Geese, which account for 68% of all
individuals observed, only the species evenness index
showed a notable decrease. By all other indices, analysis
excluding White-fronted Goose data indicated a relatively
stable community (Fig. 3-without WFG).
Species related to artificial feeding
It is likely that Red-crowned Crane and White-naped Crane
abundance have been increased due artificial feeding,
especially White-naped Crane abundance. Populations of
Cinereous Vultures showed a decreasing tendency since the
wintering season in 2003 through 2004 (Fig. 4). In the
2010-2011 wintering season, Cinerious Vulture numbers
increased because artificial feeding was re-established at a
specific site near the study area.
Red-crowned Cranes (Grus japonensis), White-naped
Fig. 4. Population changes of the artificial feeding related species. Fig. 5. Changes in the number of species and total number of raptor
individuals.
Fig. 6. Changes in community indices during ten wintering seasons (A: number of individuals, B: species diversity, C: species richness, D:
species evenness). Without CV represents that index value without the data of Cinerious Vultures.
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Cranes (Grus vipio) and Cinerious Vultures (Aegypus
monachus). 
Changes in raptor species
Over the course of the study, raptor populations showed a
consistent decrease in the number of species (r= −0.74,
p<0.05, Fig. 5). However, there were no apparent decreasing
or increasing trends in their species diversity, richness and
evenness (Fig. 6). With the exception of the number of
Cinereous Vultures, no consistent decreasing trend was
apparent in the number of individuals of raptors. However,
raptor species diversity (r= −0.76, p<0.05), richness (r=
−0.62, p=0.056) and evenness (r= −0.67, p<0.05) all
tended to decrease (Fig. 6).
Discussion
Cinereous Vultures have become heavily reliant on the
artificial feeding due to insufficient amounts of natural food
items in Korea (Jin et al., 2009). Since the mid-2000s, there
have been concerns regarding the transmission of infectious
diseases, such as avian influenza, and foot and mouth
disease. To address these concerns, artificial feeding
supplies available to wild animals were rapidly decreased,
and this caused the number of Cinereous Vultures to
decrease in the Cheorwon area (Fig. 6-A). In the case of
Red-crowned Cranes and White-naped Cranes, artificial
feeding in winter seasons, which has occurred since the end
of 1990s, might have partly induced the concentration of
their population (Yoo et al., 2010). Additionally, this
population may be concentrated due to the destruction of
wintering grounds in North Korea (Yoo et al., 2008).
White-fronted Goose populations fluctuated greatly from
season to season. Because White-fronted Geese were so
abundant, it was necessary to exclude this species from
community analysis. This exclusion allowed for the
identification of more subtle changes in community indices
as they relate to environmental factors. In addition, in the
case of several protected species, such as Cinereous
Vultures indices were strongly linked to artificial feeding.
Cinerious Vulture data were excluded from community
analysis so that community indices and their relationship to
environmental factors would not be skewed by a species so
reliant on artificial feeding. Therefore, it was inevitable to
analyze the community indices after excluding these particular.
In the results analyzed with data from all remaining species,
no notable trends of change were identified. However, an
apparent trend of change was found in the raptor
community analysis that excluded the Cinerious Vulture
data (Figs. 3 and 6). In the past ten years, not only has the
number of raptor species and individuals decreased, but
raptor species diversity, richness and evenness have also
decreased. (Fig. 6. in without CV).
The key to explaining loss of raptor diversity seems to be
the loss of ecological heterogeneity, which is important in
maintaining resources for species-rich communities of
organisms (Benton et al., 2003). Raptor communities
strongly varied in relation to habitat transformations, with
lower abundance of individuals, species richness, and
diversity of species in more transformed landscapes
(Carrete et al., 2009). Hedges, other boundary cover, and
non-cropped cover types have been destroyed so that fields
can become larger (Chapman and Sheail, 1994), and this
result in a less diverse landscape mosaic (Sotherton, 1998).
However, agricultural productivity has increased productivity
in remaining areas, which now produce 25% more food per
capita than 30 years ago (Krebs et al., 1999), all at a cost to
farmland species richness, especially among birds (Pain &
Pienkowski, 1997; Siriwardena et al., 1998; Krebs et al.,
1999). Modern agricultural development is thus equated
with reductions in avian abundance and distribution, which
continues due to improvements in cultivation methods
(Donald et al., 2001). By contrast, herbivorous migratory
waterbirds have benefited from the spread of, and recent
changes in, agriculture, especially larger species, such as
geese and swans (Abraham et al., 2005; Gauthier et al.,
2005, Fox et al., 2005). In our study area, the raptors that
live in forests or scrublands are disadvantaged by an
agricultural landscape (Sothern, 1998). Conversely, cranes,
ducks, and geese have benefited from agricultural byproduct
in the human induced landscape (Abragam et al., 2005).
Raptor species that inhabit forests or scrublands have
been reduced in abundance partly due to the agricultural
intensification (Sothern 1998), while Red-crowned Cranes,
ducks, and White-fronted Geese are those species that
benefited from the expansion of farmland and availability
of waste grains that remain after harvesting. Intensively
managed arable monocultures appear to be man-made
deserts for wildlife. Accordingly, the limited conservation
resources available should be used to support and manage
unique, local biotopes and Red Data Book species
(Sotherton, 1998). In addition, the drop in the raptor
community indices was likely influenced by decreases in
CCZ area (Pae, 1994; Yoo et al., 2010), increases in
residential area, and expansion of other habitats not usable
by bird communities (Yoo et al., 2010). It may be worth
wile for future studies to examine historic satellite imagery
to quantify changes in land cover types and assess how
these changes relate to changes in avian community
indices. Habitat heterogeneity is generally considered one
of the most important factors for biodiversity to exist on
farmland (Isenmann and Debout, 2000; Benton et al., 2003;
Verhulst et al., 2004). To support biodiversity in the
Cheorwon area, we recommend that local conservation
efforts focus on maintaining diverse types of habitat, such
as hedge, shrub, grassland, riparian, and scrublands.
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